Fifteen adult patients (ages 32 to 59 years) with significant valvular aortic stenosis in whom the severity of obstruction was documented by haemodynamic measurement and in whom the natural history was not interrupted by operation were followed for up to II 7 years, or until death. The overall prognosis was poor, two-thirds of the group being dead at last follow-up. The percentage mortality, corrected for the number of patients followed, was 36 per cent at 3 years, and 52 per cent at 5 years; of those who were followed for IO years, go per cent had died. The age at the onset of symptoms was not related to duration of survival, there was no clear relation between the type of symptom and survival, and haemodynamic parameters could not be correlated with symptoms or survival. Patients with a combination of symptoms tended to have the worst prognosis. Three patients were asymptomatic, one of whom died suddenly. These data provide a basis for predicting the natural history of isolated valvular aortic stenosis in adult patients, and indicate that significant obstruction together with symptoms portends an extremely poor prognosis.
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The development of effective prosthetic devices for replacement of the aortic valve has underscored the need for greater understanding of the natural history of patients with valvular aortic stenosis. Though there is considerable information regarding the clinical features of this disease (Wood, i958; Mitchell et al., I954; Bergeron et al., 1954; Kumpe and Bean, 1948; Anderson, I96I; Takeda, Warren, and Holzman, I963; Campbell, I968) and retrospective analyses of necropsy data have been useful (Mitchell et al., I954; Bergeron et al., I954; Kumpe and Bean, I948; Anderson, 196I; Campbell, I968) , little is known of the natural history of patients in whom the haemodynamic severity of obstruction has been documented. Thus, in clinical studies in which left heart catheterizations were performed, the natural history frequently was interrupted by operation (Hohn et The present study was undertaken to evaluate the natural history of valvular aortic stenosis in adult patients in whom the degree of obstruction was documented by left heart catheterization. Since many of these patients were studied before the advent of aortic valve prostheses, their follow-up has provided an unusual opportunity to document the fate of patients with this disease in whom the clinical course was not interrupted by operation.
Methods
Among the first 500 adult patients (over 25 years of age) with aortic valve disease admitted to the National Heart Institute after I954, I02 had isolated valvular stenosis and 20 were not operated upon. Fifteen of these patients had haemodynamically significant obstruction and form the basis for the present report. Excluded from consideration were patients with aortic regurgitation characterized by a diastolic murmur of greater than I/6 intensity, a pulse pressure of more than 60 mmHg, or significant aortic regurgitation by cineangiography. Also excluded were patients with haemodynamic and cineangiographic evidence of mitral or tricuspid valve disease, supra-or subaortic stenosis, or idiopathic hypertrophic subaortic stenosis. Significant obstruction was defined as a left ventricular to brachial artery peak systolic pressure gradient > 50 mmHg and/or an aortic valve area index less than o07 cm2/m2 BSA (Braunwald and Morrow, i963 (Fig. i) . The yearly percentage mortality is shown in Fig. 2 . The time scale represents years after the onset of symptoms, or in the case of the asymptomatic patients, the years after initial haemodynamic evaluation, and the percentage mortality is corrected for the number of patients followed for that time. (Table) . Of these latter 3 patients, 2 remained without symptoms at last follow-up, 2 years and 6 years after study, but the third patient died suddenly i9 months after study despite the fact that he had remained asymptomatic.
When first evaluated, 9 of the 15 patients (60%) had noted angina pectoris for periods of i to I0 years; in 7 of these 9, angina had been present for 4 years or less. Left ventricular failure, manifested by dyspnoea on exertion, paroxysmal nocturnal dyspnoea, orthopnoea, pulmonary oedema, or peripheral oedema had been present in 6 patients (40%), with a duration of from I to I0 years. Syncopal attacks had occurred in 3 patients (20%) from i to 12 months before initial evaluation.
The incidence of angina pectoris was similar in the patients who were alive at last follow-up and in those who died. Six of the 9 patients with angina died; however, 5 of these had histories longer than 5 years, and 2 greater than IO years. Five of the 6 patients with heart failure died (83%), the average life expectancy after the onset of symptoms of failure being 7.3 years. Of the 3 patients with syncope, 2 had associated angina pectoris, and all died. Survival after the first syncopal episode varied from 6 months to 6 years. Four of 6 patients with congestive 
Discussion
Little information is available regarding patients with severe aortic stenosis evaluated by cardiac catheterization who were not subjected to operation. Wood (I958) followed 64 patients with significant aortic stenosis treated medically; i8 of the 32 who were followed for 7 years were known to have died, yielding a minimum mortality of 28 per cent. However, Harken et al. (I958) reported that 49 of 54 patients (9I%) who were advised to have cardiac operation and refused were dead within 6 months. Because many patients in earlier investigations did not have haemodynamic studies, and because of considerable variability in patient selection present in previous reports, an effort was made to confine the present analysis to patients with significant, isolated valvular aortic stenosis. The precise haemodynamic criteria for 'significant' aortic stenosis have varied. Braunwald and Morrow (I963) and Hancock and Fleming (I960) considered a valve orifice index of less than o07 cm2/m2/BSA to indicate significant obstruction. Wood (I958) considered a valve orifice area of less than o075 cm2 to constitute severe obstruction, whereas others have suggested that o05 cm2 indicates severe narrowing (Conn and Horwitz, I97I) . In the present study, the Braunwald and Morrow criterion was used, though no patient had an aortic valve orifice index of greater than o-63 cm2/m2/BSA. Therefore, the degree of stenosis was not haemodynamically 'severe' by some criteria, but these data nevertheless provide a basis for understanding the natural history of patients with significant aortic stenosis that was documented by haemodynamic study. It seems clear that given the currently favourable atmosphere concerning aortic valve replacement, many of these patients would now have operations, and it is unlkely that information of this nature will be available in the future.
No patient in our series had a normal electrocardiogram: however, 2 patients had only minimal ST-T abnormalities associated with digitalis administration. Isolated instances of a normal electrocardiogram in the presence of severe aortic stenosis have been reported (Bergeron et al., 1954; Forker et al., 1970; Sanders and Friedlich, I964 Furthermore, when angina pectoris was associated with left ventricular failure the prognosis was extremely poor. Finally, while much emphasis has been placed on the onset of symptoms, it was disturbing that I of 3 patients without symptoms died suddenly.
It now seems apparent that surgical intervention improves the immediate prognosis of symptomatic adult patients with significant aortic stenosis documented at cardiac catheterization (Ross and Braunwald, I968) . However, the role of operation in the management of patients with moderate to severe aortic stenosis who are without symptoms will require further objective prospective studies.
